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Evaluation of antimicrobial action of Carie Care™ and Papacarie Duo™ 
on Aggregatibacter actinomycetemcomitans a major periodontal pathogen 
using polymerase chain reaction
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Abstract
Background: In the present scenario, we are made available with chemomechanical caries removal system containing a natural 
proteolytic enzyme for the ease in the excavation of infected dentine. The additive action for these agents is providing antimicrobial 
and anti‑inflammatory properties. Aim: This study was undertaken for assessing the action of Carie Care™ and Papacarie Duo™ 
on Aggregatibacter actinomycetemcomitans. Materials and Methods: The samples were collected for cultivation of the periodontal 
pathogen from the clinical periodontal pockets using sterile paper points. The samples cultured under suitable conditions were 
analyzed with quantitative polymerase chain reaction targeting 16s r‑DNA. The samples were divided into three groups namely, 
Group A: Control, Group B: With Papacarie Duo, Group C: With Carie Care. The pathogen inoculums plugs were inserted in the 
petri dishes containing chemically defined medium and the experimental gels at different concentrations and were incubated 
under optimal conditions. The inhibition of growth of the pathogen was studied visually. Results: There was visual inhibition of 
growth for Group B and C and also exhibited a dose‑dependent effect also. Conclusion: Based on the results of the present 
study, Carie Care™ gel demonstrated better antimicrobial action against A. actinomycetemcomitans which is a major periodontal 
disease causing pathogen.
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Introduction

Dental plaque is the etiological factor responsible for 
the gingival and periodontal disease which harbors a 
variety of pathogenic bacteria. The loss of equilibrium 
between microbial succession and reciprocal host–bacterial 
interaction will be capable of initiating the mechanism 
of destruction of the periodontal tissues.[1,2] Certain 
groups of Gram‑negative bacteria such as Aggregatibacter 

actinomycetemcomitans, Porphyromonas gingivalis, Prevotella 
intermedia, and Capnocytophaga species have been implicated in 
chronic or refractory periodontal diseases.[3,4] The periodontal 
pocket provides ideal conditions for the proliferation of these 
microorganisms.[5] Preventative or therapeutic strategies 
probably encounter a tendency of the ecosystem to return to 
the original equilibrium. However many a times, periodontal 
pathogens recolonize even after mechanical debridement, and 
if it continues to harbor bacteria associated with disease, a 
potential for further destructive phase exists. Antimicrobial 
therapy against periodontal pathogens can act as an adjunct 
for mechanical debridement of periodontal pocket followed 
by local drug delivery approach.[6] The papaya extract based 
gels with other natural ingredients (Carie Care and Papacarie 
Duo) with established antimicrobial activities are commercially 
available. There are no comparative studies available on the 
effect of these gels on the A. actinomycetemcomitans, a potential 
periodontal pathogen. Thus, the intent of this study was to 
evaluate the effects of papaya extract based gels on the growth 
of A. actinomycetemcomitans.
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Materials and Methods

A series of microbial samples for the isolation of 
A. actinomycetemcomitans were collected from the subjects 
aged 35–55 years without nicotine or tobacco habit, affected 
with choric or localized periodontitis with periodontal 
pocket depth more than 4 mm. The relevant medical and 
dental history was recorded, and a signed informed consent 
document was obtained from the subjects. The examination 
and diagnosis were performed under standardized 
conditions. Periodontal status was assessed by determination 
of the probing pocket depth by community periodontal index, 
gingival state  (gingival sulcus bleeding index according to 
Mühlemann and Son), and oral hygiene index (according to 
Silness and Löe).[7]

The sampling area was isolated with cotton rolls, carefully 
cleaned with sterile cotton pellets, and then air dried. From 
single site, sterile paper points  (Hygenic, Coltene, and 
Whaledent, USA) were inserted to the bottom of the pocket 
for a 20‑s period and then transferred into Luria Broth (LB) 
soft agar stabs  (Hi‑Media Pvt. Ltd., Mumbai, India) and 
incubated at 37°C for a week and then to 4°C until further 
use.[3]

DNA extraction and identification by DNA sequence analysis
Genomic DNA isolation
The clinical samples were processed for the isolation of 
A.  actinomycetemcomitans, and an isolate was chosen for 
16s r‑DNA sequencing studies to ascertain their genetic 
background. A.  actinomycetemcomitans genomic DNA was 
extracted using standard cetyltrimethylammonium bromide 
method. Well‑grown cultures were taken in a microfuge 
tube and centrifuged at 10,000 rpm for 2 min at 4°C. The 
pellet obtained was resuspended in sterile water, washed, 
and centrifuged at 10,000  rpm for 2  min at 4°C. To the 
pellet, 675 μl of extraction buffer was added and incubated 
at 37°C for 30  min equal volume of chloroform: Isoamyl 
alcohol  (24:1) was added. The sample was centrifuged at 
10,000 rpm for 10 min at 4°C, and aqueous phase was taken 
in a sterile microfuge tube. Ice‑cold isopropanol (0.6 volume) 
was added incubated at room temperature for 1 h. Samples 
were centrifuged at 10,000 rpm for 10 min, and then pellet 
is washed in 500 μl of 70% ice‑cold ethanol and centrifuged 
at 10,000 rpm for 10 min at room temperature. The dried 
pellet was dissolved in sterile double distilled water and 
stored at −20°C. Quality of DNA was checked by running 
on a 1% agarose gel in  ×1 tris acetate EDTA buffer and 
ethidium bromide (EtBr) staining. The DNA was quantified 
by measuring absorbance at 260 nm using a Shimadzu 1800 
spectrophotometer.

16s r‑DNA polymerase chain reaction amplification
The extracted DNA was then used as template for 16s 
r‑DNA polymerase chain reaction  (PCR) amplification with 
universal 16s primers–forward 5’ AGA GTT TGA TCC TGG 

CTC AG 3’ and reverse 5’ AAG GAG GTG ATC CAG CCG CA 3’. 
PCR sample volume was 25 µl per sample with the reaction 
mixture comprising 0.5 µl genomic DNA, ×1 PCR buffer 
(10 mM tris‑HCl, 50 mM KCl, 1.5 mM MgCl2, pH 8.6), 0.3 µl 
Taq DNA polymerase (USB corporation, Cleveland, Ohio, USA), 
2.5 µl deoxynucleotide triphosphates mix, and 2.5 µl reverse 
and forward primer each. PCR was performed on Master 
Cycler  (Eppendorf, Germany) with initial denaturation for 
2 min at 92°C. The first cycle had denaturation for 1 min at 
92°C, primer annealing for 30 s at 48°C, and primer extension 
at 72°C for 2 min 10 s. The cycle was repeated for 34 times, 
and the process ends at the final polymerization step of 6 min 
10 s at the temperature of 72°C. PCR product was resolved 
using electrophoresis in 1.2% agarose gel stained with EtBr, 
documented under ultraviolet light on UVI pro platinum gel 
documentation system.

16s r‑DNA sequencing and identification of Aggregatibacter 
actinomycetemcomitans
16s PCR products were purified using AxyPrep™ DNA 
Gel Extraction Kit obtained from AXYGEN Biosciences. 
DNA sequencing was performed on ABI PRISM big 
dye terminator cycle sequence reading reaction kit at 
Chromous Biotech (Bengaluru, India), and the sequences 
obtained were compared and analyzed with databases 
at National Centre for Biotechnology Information  (NCBI) 
using the BLAST program. The identified isolate of 
A.  actinomycetemcomitans species was determined by 
percent sequence similarity (98.9%).

A. actinomycetemcomitans was grown to confluence in Petri 
dishes in anaerobic conditions at 37°C for 7 days to serve as 
source of pathogen plug to study its inhibition on the test 
samples.

Preparation of the culture plates
The samples were divided into three groups: Group A ‑ control 
group, Group  B  ‑  with three concentrations of Papacarie 
Duo™  (PC), and Group  C  ‑  with three concentrations 
of Carie Care™  (CC). The chemically defined Socransky 
medium was developed to model the oral environment. 
Papacarie Duo™  (F&A Labartôrio Farmacéutico Ltda, São 
Paulo, Brazil) or Carie Care™  (Ecodentalworks India Pvt 
Ltd, Bengaluru, India) was mixed well into individual media 
plates, respectively just before plating. Control had nothing 
added to the media.

Growth of isolated pathogen on the culture plates
Each study groups were further divided into three 
subgroups (two petri dishes for each subgroup) depending 
on the dilution of the test samples at three different 
concentrations 10, 20, and 50 µl/ml of the gel (PC or CC) in 
media to study the dose‑dependent effect.
•	 Sub Group 1: Media plate with 10 µl/ml PC or CC
•	 Sub Group 2: Media plate with 20 µl/ml PC or CC
•	 Sub Group 3: Media plate with 50 µl/ml PC or CC.
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In each subgroup, plug containing defined concentration 
o f  med ia  w i th  1000  co lony  fo rming  un i t s  o f 
A.  actinomycetemcomitans (logarithmic OD600 = 0.5) was 
inserted in the center of each plate (replacing the same size 
agarose in the media). All the culture plates were incubated at 
370°C in an anaerobic chamber for 7 days and periodic visual 
observations were taken. Following incubation, the culture 
plates with test samples were analyzed for the bacterial 
growth inhibition.

Results

The inhibition of growth from the A. actinomycetemcomitans 
plug in the surrounding agar was indicative of the inhibitory 
role of the test samples. The petri dishes in the control group 
did not exhibit bacterial growth inhibition [Figure 1]. Both 
the study groups virtually represented the growth inhibition, 
thus indicative of antimicrobial effect [Figure 1b and c].

In terms of growth of pathogen at different concentrations of 
test samples, Group B and C exhibited inhibition of growth 
from the plug in surrounding agar in a dose‑dependent 
manner [Figures 2 and 3 respectively]. Group C was found 
to be significantly better than Group B in terms of in vitro 
inhibition of pathogen growth [Figure 3].

Discussion

Periodontal pocket provides ideal conditions for the 
proliferation of microorganisms mainly Gram‑negative 
facultative species.[8] Advances in understanding of the 
etiology, epidemiology and microbiology of periodontal 
pocket flora have revolutionized the therapeutic strategies 
for management of periodontal disease progression. The 
conventional mechanical periodontal debridement is 
often accompanied by prolonged chemotherapeutic agent 
therapy aiming at eliminating the entire pathogenic bacterial 

Figure 1: Effect of Carie Care and Papacarie Duo on the growth of Aggregatibacter actinomycetemcomitans (from left to right)–
control group, with Papacarie Duo, with Carie Care

Figure 2: Group B in concentration of (from left to right) ‑ 10 µl, 20 µl, and 50 µl, respectively exhibiting growth inhibition

Figure 3: Group C in concentration of (from left to right) ‑ 10 µl, 20 µl, and 50 µl, respectively exhibiting growth inhibition
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flora.[9] In periodontal disease, there is an overproduction 
of collagenase causing destruction of healthy periodontal 
tissue.[10] The chemotherapeutic approach is intended not 
only kill the bacteria but also reduce the production of 
collagenase.

The papaya extract based gels in periodontal tissue could 
be significant, considering the likelihood of enhancing the 
postoperative period due to its anti‑inflammatory and healing 
properties, as well as uniform tissue growth and the easy 
cleaning of necrotic tissues and secretions.[11] Hence, this 
study was undertaken to assess the antimicrobial action of 
the various commercially available papaya extract based gels 
with antimicrobial properties.

PCR techniques may be useful in investigating actual 
bacterial populations in individual patients, because of the 
high sensitivity of technique. However, PCR requires DNA 
probes for target DNA.[12,13] LB media, being a semi‑solid, soft 
agar, offered the advantage of diluting the microorganisms 
while at the same time it is extensively used in recombinant 
DNA work and other molecular biology procedures. Being 
soft agar–it permitted some growth of anaerobic bacteria 
at the bottom of the slant where the conditions were more 
micro‑anaerobic than at the top where aerobic bacteria could 
grow more easily.

A. actinomycetemcomitans is considered to be an opportunistic 
pathogen that produces a variety of potential virulence 
factors including an RTX  (repeats in toxin) leukotoxin, 
and proinflammatory cytokines and chemokines, thus 
contributing to bacterial adhesion that alters host cells 
functions.[14] This opportunistic pathogen was considered 
for the present study as it is mainly responsible for 
aggressive periodontitis. In order to gain the clinical 
perspective, the causative pathogen was isolated from the 
periodontitis infected sites using PCR method with percent 
sequence similarity of more than 97%. It is interesting that 
at sequence homology values below about 97.5%, it is 
unlikely that two organisms have more than 60–70% DNA 
similarity and hence that they are related at the species 
level.[15]

The chemically defined culture medium is extremely useful 
during investigations of bacterial physiology to ensure 
in vitro experimental reproducibility and provide a point of 
reference.[16] Thus, Carie Care™ and Papacarie Duo™ were 
mixed separately with this chemically defined medium for 
obtaining a homogenous distribution as they are available 
in the gel form.

Papacarie Duo™ is a gel based on a combination of papain (a 
proteolytic enzyme with antibacterial and anti‑inflammatory 
properties) and chloramine.[11] In case of Carie Care™, a 
particular fraction of papaya extract was isolated which 
had very gone do catalytic activity. This fraction was also 

found to have some antimicrobial activity as well along with 
proteolytic activity.[17]

Papain acts on the infected tissue  (which lacks alpha 1 
anti‑trypsin, plasmatic antiprotease). It inhibited the protein 
digestion and allowed papain to break the partially degraded 
collagen molecules. It has bactericide and bacteriostatic 
properties, accelerates cicatricial process, and promotes 
debridement of necrotic tissue and secretions, thus 
facilitating wound healing.[18]

When assessed the antimicrobial action of the test samples, 
the Carie Care demonstrated significant antimicrobial action 
on the growth of A. actinomycetemcomitans when compared 
with Papacarie Duo. The results obtained in our study were 
in contrary to that obtained by Tanikawa‑Vergillo et al. This 
may be attributed to the action potential of chloramine 
which is directly related to pH. Chloramine has less action 
potential in alkaline environment, Papacarie Duo™ which has 
chloramine as one of the main ingredients exhibited lesser 
antimicrobial activity.[11]

In the present study, dose‑dependent effect of the Carie 
Care™ on the inhibition of A.  actinomycetemcomitans 
appeared to be significantly better than Papacarie Duo™. 
This may be attributed to the presence of therapeutic 
essential oils as previously reported by Imai et  al. 2001, 
Thapa et al. 2012, Nuñez and Aquino 2012.[19‑21] The clove 
oil in itself is known to have both antimicrobial, analgesic, 
and antiseptic activities.[22]

There is very little scientific literature available on the 
antimicrobial effect of the various composition of papain 
gel on the periodontal disease causing pathogens. Due to 
the interest in the conservative management of the young 
individuals with compromised periodontal status, especially 
aggressive periodontitis, this study was undertaken. Thus, 
there is a need for the controlled trials to establish the here 
said hypothesis under clinical conditions.

Conclusion

Based on the findings, this study gives an initial lead in 
in  vitro control of potential pathogens responsible for 
periodontal infection using therapeutic agents containing 
natural ingredients, thus providing an Insight to in‑vivo 
control and therapeutic solutions for the defined diseases. 
The multiple therapeutic advances one can find using caries 
care is underlined in the present studies, which in turn could 
be an important milestone in minimal invasive dentistry.
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